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Impedance Transformation using a A/4 Line 


Design Criteria using a Smith Diagram or BASIC Program 


Aline or a waveguide will “transform* areal or 
reactive impedance or a combination of the 


two. According to the impedance of the trans-_ 


formation line, it is possible to transform alow 
real impedance to a high impedance, ora high 
impedance to a low impedance. An inductive 
reactive component will be converted to a. ca- 
pacitive, or a capacitive to an inductive com- 
ponent. 


The latter is especially of interest in waveguide 
technology; in this case, screws can be inserted 
into the waveguide at a certain distance from a 
point of discontinuity, for instance at a spacing of 
i/4. The wavequide transforms the capacitive ef- 
fect of the screw (see Figure 1) to an inductive 
component at the position of discontinuity. 


The real impedance transformation using a 2/4 fi 
ne is well known: The required impedance is ob- 
tained from the simple equation 


Z= VZouXZn 


where Z,.,(s the terminating, and Z,,_is the requi- 
red input impedance of the 2/4 line. 


Example: Four parallel-connected 50 Q resistors 
are to be matched to the output of a transmitter 
having an output impedance of 50 @ (for instance 
four antennas at 144 MHz). Required is the Z of 
the transformation line. 


Solution: The four consumers form a terminating 
resistance of Z,,. = 12.5 2, The Z,, of the 0/4 
transformer should coincide to the output impe- 


dance Z,,, of the transmitter: 50 2. The following 
will result: 


Z=¥ 125x509 =252 


AG -transtormation 


Fig. 1: Operation of the sliding screw tuner 
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This 1/4-transformer can be obtained by connec- 
ting two 50 cables in parallel. Assuming a velo- 
city factor of 0.66, this will resultin the following for 
the 144 MHz band: 0.5 mx 0.66 = 0.33 m 


iZandZ,,,are given, Z), will result by conversion 
of the equation: 


2Zq = 22, 
‘An input reactive impedance can be calculated in 


a similar manner if the }/4 transformer is termina- 
ted with a pure, reactive impedance X,.° 
Xn = 2 Kou 

The equation does not give any information regar- 
ding the sign (plus in the case of an inductive, and 
minus in the case of a capacitive reactive compo- 
nent). One will have to remember that a capaciti- 
ve reactive component X,,,; will result in. an induc 
tive reactive component X,,, and vice versa (Figu- 
re 1), The sign would be available only when do- 
ing a complex calculation ! 


‘out 


Example: A 12.cmlong line (2/4 at 433 MHz assu- 
ming a velocity factor of approx. 0.66) of Z = 502 
is terminated with C — 4.7 pF. Which L will result 
at 433 MHz ? (with 4.7 pF. X,,.is approx. 78 


Solution: X,,, = (50/78) 2. The sign “- * of the ca- 
pacitive reactive component of Xq is not used. 
Xj, is inductive and corresponds toanL — 11.7nH 


at 433 MHz: 


The given equations are no longer suitable when 
the line is terminated with a series circuit of real 
and reactive impedances. A clear method can be 
found when using a Smith diagram, if one is used 
to working with it: The terminating impedance 
comprising a real and reactive impedance is stan- 
dardized to the impedance Z of the ./4-line lo be 
used and inserted (W,,)’). The resulting input im- 
pedance is found in the Smith diagram diametri- 
cally opposite (W,,”). 


Example: The input connector of a power ampli- 
fier is connected via a 2/4 stripline with an impe- 
dance of 20 @ to the relatively low input impedan- 
ce of the power transistor of, for instance, 5 Q in 
series with an (inductive) reactive impedance of 
+ 4 Q.. The two impedances form thus Z,,, and 
Xout Of the stripline and are transformed to a cer- 
tain impedance at the input connector. The trans- 
formed values Z,,, and X,, are to be calculated ! 
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Solution: Standardize Z,,, and Z,, (in other 
words divide by the Z of the line); 


Zou = 5 8/20 Q = 0.25; Xeut 


= +02 

Both values are now inserted into the circular 
coordinates of the Smith diagram (Figure 2); (a 
positive X,,,’ means "inductive" which means the 
upper part of the diagram) 

The result is point W,,,,’. Diametrically one will ob= 
tain W,, Attention stiould be paid that the straight 
line really passes through the center of the hori- 
zontal line. This means thal W,,” will have the 
same spacing from the center point "1" as W,,,' 
One then reads off the coordinates of W,, as 


Zp = 25 and, —2. 


+ 42/209 = 


The negative sign represents a capacitive reacti- 
ve component of W,,,, The values are “destan- 
dardized* by multiplication with the standard im- 
pedance. and one will obtain the input impedance 
as: 


Zp =2.5x202= 509, X= 


(Z,, with X,, in series ') 


2x209 — 409 


Fig. 2: Impedance transformation of Woyt to Win 
using a 1/4 line 
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5 PRUNT 
18 PRINT NT) PRINT) PRINT 
20 PRINT" EINGANGSINFEO OES LAHEDA-VIERT 


PRINT" 


G. STADLER 


49 THPUT"GEBEN STE WELLENKEDERSTAND EXN' | 2 
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130 PRINT" REe"ZERXCOS CAD 1 PRINTF 
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$0 END 


READY, 


FORT*1T02068 


TRAFOS" | PRINT 
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PRINT: PRINT 
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STAND EIN" | XAt PRINT! UG" 
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PRIN 
TAND EN 


sa 


RINT: PRLNT 


Fig. 3: BASIC program for calculation of the components of the input impedance of a }/4 line 
as a function of the terminating impedance (impedance values in ©, with input 


and output in numerical values) 


NOTE: with respect to the previous example 
In certain circumstances, it may be advisable to 
make a semicircle in a clockwise direction {rom 
Woy’ (a8 shown in Figure 2 as a dashed line) 
around “1", instead of plotting a straight line: In 
this manner, itis also possible to determine point 


W,,'. The semicircle forms the “transformation 
path’ 


of the line | This means thal if the line is 
shorter than i/4, the transformation path will also 
be shorter than the semicircular arc. In this ce 
there is @ proportional relationship between the 
engtn of the arc and line length, It is possible by 
selection of the line length to ensure thal the 
transformation can, for instance, end on the hori- 
zontal axis of tne Smith diagram. In the case of Fi- 
gure 2, this corresponds to point P. In this case, 
the result will be that the input impedance is a pu- 
re real component: Point P is approximately 4.2, 
which when destandardized results in a Z), of 4.2 
x 20.0 = 840. This would allow the powor transi 
stor to be well matched lo a system wilh an impe- 
dance of 50 2 (VSWR = 84 {2/5062 = 1.7), Itis, of 
course, possible to improve the matching stil fur 
ther by reducing the Impedance of the stripline 


It is now possible for you to order magazines, kits etc. using your 


VISA Credit Card! 


To do so, please state your credit-card number and the validity date, 


and sign your order. 
Yours — UKW-BERIGHTE/VHF C 


(recommendation: repeat the above example 
with an impedance value of Z 1521). 


Concentric circles in the Smith diagram replace a 
relatively complex calculation of the inpul impe- 
dance ot a line. A BASIC program is shown in Fie 
gure 3 in which the equation is programmed for 
the special case of a 3/4 line. The real and reacti- 
ve impedances are inserted and result as numeri- 
cal values in ©. Attention should be paid thal one 
lists capacitive reactive impedances with a minus 
sign. The program is, however, only suitable for 
series circuits. The same is valid, of course, when 
using the Smith diagram, 


Since the accuracy of the computer Is very often 
not required — possibly due to the tolerances of 
tho impedances used — il may be of advantage to 
use the Smith diagram, This is also valid for appli- 
cations in waveguide tochnology. Itis then possi- 
ble for retlection factors to be inserted into the dia 
gram according to amount and angle. A standar. 
dization or destandardization is not required since 
the wave of a waveguide cannot be defined as of 
a specific impedance. 
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